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“ each degree matters, each year matters, and each 
decision matters : not acting today is adding to the 
burden of the next generations [...]. limiting global 
warming to 1.5°C is not impossible but requires strong 
and immediate policies. ”
Valérie Masson-Delmotte, Co-Chair of the IPCC’s Working 
Group I (8 october 2018 – address to the french Senate)
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What is the iPCC ? 
The Intergovernmental Panel on Climate Change 
(IPCC) is an international body for assessing the sci-
ence related to climate change established in 1988 by 
the United nations. It aims to provide policymakers with 
regular assessments of the scientific understanding of 
climate change, including possible impacts and options 
for adapting to them, and ways of reducing greenhouse 
gas emissions. 
these assessments present projections of future climate 
change based on different global emissions scenarios 
(continued growth, rapid reduction, etc.) and the cor-
responding risks for human and natural systems. While 
they lay out response options and 
their implications, the reports do 
not tell policymakers what actions 
to take – they are “ policy relevant 
but not policy prescriptive ”. IPCC 
assessments are written by hun-
dreds of leading scientists from 
around the world and formally adopted by the gov-
ernments of its 195 member countries. the IPCC 
works by assessing existing published literature rather 
than conducting its own scientific research.
the main IPCC assessment reports come out about 
every 6 years, with more focused Special Reports re-
leased in between. three Special Reports will be pub-
lished in the current (sixth) IPCC assessment cycle :
 — Global warming of 1.5°C
 — Climate Change and land
 — the ocean and Cryosphere in a Changing Climate 
authors working on IPCC reports are organised into 
three Working Groups :
 — Working Group I on past and possible future changes 
in the climate system and carbon cycle (“ the Phys-
ical Science basis ”)
 — Working Group II on past and future impacts, and 
options for adapting to them (“ Impacts, adaptation, 
and Vulnerability ”)
 — Working Group III on ways to reduce greenhouse gas 
emissions (“ mitigation of Climate Change ”)
each report has a Summary for Policymakers (SPm).
Why PRODUCe a RePORt On 1.5°C  sCenaRiO ?
the Paris agreement, a historic agreement reached in 
Paris in December 2015, has been a game-changer 
in international discussions on climate change. nearly 
all major greenhouse-gas emitting countries have now 
ratified the Paris agreement, together accounting for 
around 90% of global emissions. Its aim is to keep 
global warming well below 2°C and pursue “ efforts to 
limit the temperature increase to 1.5°C ”, and deals with 
emission reductions, adaptation to impacts, and ways 
to pay for these efforts. this temperature goal shows 
that ambitions have been significantly heightened since 
previous international discussions, which had focused 
on keeping the temperature increase below 2°C.
In order to gather scientific knowledge around this am-
bitious new temperature goal, the IPCC was formally in-
vited to produce a Special Report on Global Warming 
of 1.5°C. taking two years to pro-
duce and written by 74 scientists 
from 40 countries, the report was 
finalised and adopted by all IPCC 
member governments in Korea in 
october 2018.
the following is a summary of the Special Report on 
Global Warming of 1.5°C that is specifically intended 
for teachers. It is presented together with a selection of 
related activities and exercises that can be implemen-
ted in the classroom. 
School activity
QueStion  
Why is this IPCC report called  the “ 1.5°C Report ” ?
Core concepts: global warming, 
greenhouse gases, anthropogenic 
greenhouse effects, IPCC working 
groups
Introduction
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ClIMATe SCIenCe behInD The IPCC 1.5°C RePoRT
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inDUstRial RevOlUtiOn
In the 19th century, progress in science and technology 
led to the Industrial Revolution. Starting in Great bri-
tain, industrialisation spread first to europe and then 
worldwide. alongside expansion in industry, transport-
ation and agriculture, the global population grew rap-
idly due to progress in hygiene and medicine. together, 
these factors led to a rapid in-
crease in fossil fuel consump-
tion, and consequently, 
global greenhouse gas 
emissions.
the gReenhOUse effeCt – 
hOW aRe We Changing OUR Climate ?
the Sun’s rays travel through the atmosphere and warm 
the earth’s surface, generating the upward emission of 
infrared heat (radiation). Some of this heat is trapped 
on its escape to space by greenhouse gases in the at-
mosphere (mainly water vapour, carbon dioxide, meth-
ane, nitrous oxide and ozone) and sent back towards 
the earth’s surface. Greenhouse gases thus act like a 
blanket, trapping heat. as a consequence, the temper-
ature of the lower atmosphere is warmer than it other-
wise would be. In fact, without greenhouse gases, the 
average temperature of the earth’s surface would be 
about -18°C rather than the present average of 15°C. 
Greenhouse gas emissions: past, present and future








Energy coming from the sun and 
passing through the atmosphere 
reaches the surface
Greenhouse gases trap some
of the infrared radiation
The Earth’s surface is
warmed by the sunlight
and emits infrared radiation,
partially emitted back to space
INFRARED
RADIATION
Functioning of the greenhouse effect
Adapted from an original infographic by Lannis 
https://fr.wikimini.org/
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Greenhouse gases (GHGs) released by human activities 
increase the thickness of this “ atmospheric blanket ”, 
causing the global temperature to rise, i.e. global 
warming. to date, human-generated emissions since 
the start of the Industrial Revolution (i.e. since “ pre-in-
dustrial ” times) have led to global warming of 1.0°C. 
If these emissions continue at current 
rates, we are likely to reach warm-
ing of 1.5°C between 2030 and 
2052  – an additional increase of 
0.5°C from today’s level.







































Human-induced warming reached approximately 1°C above pre-industrial levels in 2017. 
At the present rate, global temperature would reach 1.5°C around 2040.
Adapted from the Special Report on Global Warming of 1.5°C (IPCC)
School activity
taSk  What is the climate and how is it different to the weather ? 
Look up the definition of climate on the World Meteorological Organization (WMO) website. 
Keywords : 30 years, temperature, precipitation, atmosphere.
Climate in a narrow sense is usually defined as the the average weather over a period in a specific region. In more specific, statistical terms it is the mean and variability of 
relevant quantities over a period of time ranging from months to thousands or millions of years. The climate tells us which clothes we have to buy. The weather forecast tells 
us what we have to wear.
The classical period for averaging these variables is 30 years, as defined by the World Meteorological Organization. The relevant quantities are most often surface variables 
such as temperature, precipitation and wind. Climate in a wider sense is the state, including a statistical description, of the climate system. 
QueStion  What is a greenhouse gas ?
Make a list of different greenhouse gases. Explain how they are produced.
taSk  Explain the greenhouse effect with a drawing and a short text. 
Use the following words : emission, absorption, reflection, infrared radiation, atmosphere, Earth’s surface. 
Reveal the difference between natural and anthropogenic greenhouse effect. (Anthropogenic means resulting from human activities.)
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Climate ineRtia
even if we could somehow immediately stop all car-
bon dioxide (Co2) emissions being released into the at-
mosphere, the global temperature would stabilise but 
not decline – it takes centuries to millennia for the Co2 
already present in the atmosphere to be removed by 
natural processes. the sea level would continue to rise 
during this time as the entire ocean volume slowly ex-
pands in response to past surface warming. In order to 
bring the global temperature back down to what it was 
in pre-industrial times, we would have to actively remove 
Co2 from the atmosphere.
the PaRis agReement
Under the Paris agreement, 195 countries committed to 
limiting global warming to well below 2°C and aiming to 
keep it to 1.5°C. While limiting global warming to 1.5°C 
is still possible – we would have to act very rapidly to 
achieve this goal.
It means that our global Co2 emissions must be reduced 
to (effectively) zero over the next few decades, through 
large, sustained emission reduction efforts across all 
global regions and economic sectors.
School activity
taSk Compare the global warming potentials (GWP) of methane, nitrous oxide and hydrofluorocarbons with the GWP of CO2. 
See, for example, table 8.7 in the IPCC report AR5, chapter 8, p. 712 :
http://www.climatechange2013.org/images/report/WG1AR5_Chapter08_FINAL.pdf
taSk Explain what is meant by global warming.
QueStionS  CO2 is emitted when burning fossil fuels. How can we reduce the emission of CO2 ? How can we reduce the emission 
of other greenhouse gases like methane (CH4 ) or nitrous oxide (N2O ) ?
Keywords : biogas production, reforestation, less fertilisers in agriculture, renewable energy, energy saving.
taSk Explain the connection between hydrofluorocarbons, the ozone layer and global warming.
School activity
taSk  Find the atmospheric lifetimes of different green-
house gases.
“ Atmospheric lifetime ” means the average time that a gas re-
mains in the atmosphere.
Use the atmospheric lifetime of GHG data to explain why global 
warming “ will persist for centuries to millennia ”.
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Global warming is causing changes in the climate sys-
tem (physical climate impacts), which are already af-
fecting humans, along with plants, animals and ecosys-
tems. Physical impacts can occur simultaneously and 
can interact with non-climatic factors like pollution. 
below we explain the different types of climate impacts, 
and why some locations and populations are more at 
risk than others. In many cases, we can act to reduce 
impacts through an iterative process of planning and 
implementing measures to combat them (adaptation). 
as adaptation occurs on a local to regional level, local 
and indigenous knowledge can play a key role. below 
we introduce this concept, together with the notion of 
uncertainty in how climate will change in the future.
PhysiCal imPaCts
by global warming we mean the increase of the aver-
age surface temperature of the whole planet. How-
ever, some regions warm more than others. for ex-
ample, warming has been greater in the Arctic than 
in other parts of the world and it is generally greater 
on land than for the ocean. In the 10 years spanning 
2006 – 2015, 20 – 40% of the global population had 
already experienced warming of 1.5°C in at least one 
season.
Climate change manifests itself on different time-scales : 
through changes in the nature of single, short-lived ex-
treme weather events, like hurricanes, and through in-
cremental changes that build up over decades, such 
as sea level rise. these can interact and reinforce one 
another (e.g. extensive flooding due to a storm surge in 
addition to long-term sea level rise). 
Changes in extReme WeatheR With glObal 
WaRming
We expect climate change will cause extreme weather 
events – like heat waves, heavy rainfall, floods and 
droughts – to become more frequent and more severe. 
Under high levels of warming, very intense hurricanes 
are expected to occur more frequently, although the 
overall number of hurricanes is expected to fall. 
School activity
taSk Look  at the following map (link below) showing 
the increase in the number of combined tropical nights 
(T min ≥ 20°C) and hot days (T max ≥ 35°C) in Europe.
Approximately how many more tropical nights/hot days 
will there be in the period from 2071-2100 as compared 
to the period from 1961-1990
 — in southern Portugal ?
 — in northern Germany ?
 — in Norway ?
Source : European Environment Agency
https://www.eea.europa.eu/data-and-maps/figures/increase-in-the-number-of
inCRemental Changes With glObal WaRming
the intensification of the global water cycle generally 
causes dry areas to become drier due to increased 
evaporation and wet areas to become wetter. 
Sea level rise is driven by the melting of mountain 
glaciers and ice sheets, and thermal expansion of the 
ocean. as the ocean warms, its volume expands in a 
process called the thermal expansion, and which oc-
curs at all ocean temperatures. the melting of ice on 
land (from mountain glaciers, and the Greenland and 
antarctic ice sheets) contributes the rest of current sea 
level rise. Water from melted continental ice drains into 
the ocean and therefore contributes to sea level rise. 
there has been a steady decline in sea ice in the arctic 
since 1979. Sea ice, which floats on the ocean, does not 
contribute to sea level rise.
In addition to the warming it causes, the steady accu-
mulation of Co2 in the atmosphere also has a direct 
impact. this Co2 dissolves into the ocean and reacts 
with the water to form carbonic acid, raising the ocean’s 
acidity in a process called ocean acidification.
School activity
taSk Look up : What is causing sea level rise ?
Climate impacts and adapting to them
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imPaCts anD aDaPtatiOn fOR hUman systems
Global warming can negatively affect a wide range of 
human activities and needs, and this is already hap-
pening. more frequent extreme weather events can af-
fect crop production, while higher temperatures favour 
the propagation of infectious diseases into new areas. 
freshwater supply can be affected by glacier melt and 
changing rainfall patterns. Sea level rise has a wide vari-
ety of impacts including coastal erosion, and infiltration 
of salt water into groundwater or estuaries, affecting ar-
able land and freshwater supplies. 
We should remember, however, that while on the whole, 
climate impacts tend to be detrimental to human activ-
ities and ecosystems, there can be beneficial outcomes 
in some cases, such as longer growing seasons. We 
should also bear in mind that these changes do not 
occur in isolation, but can interact with other unrelated 
factors, with positive and negative outcomes. for in-
stance, overconsumption of water in a location exposed 
to drought can make a population more vulnerable when 
droughts occur. 
the extent to which a physical change in climate af-
fects a particular place not only depends on how great 
the physical change is, but also on how exposed the 
location is to that change and on how vulnerable (or 
susceptible) its population and infrastructure are to be-
ing affected. for sea level rise, the most exposed pop-
ulations are those living in low-lying coastal areas and 
low-lying islands, while the most vulnerable tend to be 
the poor and disadvantaged, including in the develop-
ing island nations in the Pacific. for droughts, those dir-
ectly dependent on agriculture for their livelihoods and 
food supply are among the most vulnerable since they 
are highly susceptible to changes in temperature and 
rainfall. 
the exposure and vulnerability of a place and its people 
can change over time. In fact, efforts to adapt to climate 
change aim to reduce vulnerability and exposure to par-
ticular climate impacts. Vulnerability can be reduced 
through economic development and diversifi-
cation, while exposure can be reduced by moving 
people and infrastructure out of harm’s way (e.g. to 
higher ground in the case of sea level rise).
a key difficulty in efforts to adapt to climate change is 
that future changes in climate are often uncertain. take 
sea level rise, for example. the largest potential future 
contributors are the antarctic and Greenland ice sheets, 
representing the largest amount of continental ice (av-
erage thicknesses of 2.5 kilometers for antarctica and 
2 kilometers for Greenland). However, estimates vary as 
to what the timing and size of these contributions will 
be. Current estimates range between 25 centimetres 
to over a meter by 2100, depending in part on how 
much Co2 we emit in the future. Uncertainty in forecasts 
of future climate change also derives from different es-
timates for the amount of global warming that will result 
from a given increase of greenhouse gases in the atmo-
sphere – i.e. just how sensitive the climate system is to 
our emissions. an additional difficulty for planning ways 
to adapt to climate change, such as building coastal pro-
tections, is that these options come with their own risks. 
also, the resulting greenhouse gas emissions need to be 
considered when implementing adaptation measures to 
avoid competing goals, such as adaptation efforts leading 
to increased emissions. the implications for sustainable 
development, including food, water and human security, 
also need to be taken into account (see Section D).
School activity
taSk  Think of some adaptation and mitigation measures for 
your home, your city/town/village, your country. 
You may look for ideas on the European Climate Adaptation 
Platform :  
https://climate-adapt.eea.europa.eu/knowledge/adaptation-information/adaptation-measures
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imPaCts On eCOsystems anD biOlOgiCal aD-
aPtatiOn
the increase in temperature is and will continue to im-
pact on biodiversity and ecosystems. Warming af-
fects plant and animal habitats, and they either migrate, 
adapt, or perish. Species are migrating towards cooler 
environments - poleward or to greater depths in the 
ocean, and poleward or uphill on land, but may not be 
able to move readily (e.g. due to habitat fragmentation) 
or fast enough. 
biological adaptation includes changes in the timing of 
seasonal activities (e.g. flowering of plants) and through 
evolution. all of these changes can alter the structure of 
ecosystems, affecting the services they provide to hu-
mans (e.g. coastal protection in the case of coral reefs).
ocean acidification is another well-known example of 
how climate change can impact biodiversity. Increas-
ing acidity has a wide range of potentially harmful con-
sequences for marine organisms, shown to impact the 
immune systems of shellfish and skeleton formation 
of corals and specific plankton.
the effect of warming on biodiversity depends on the 
global temperature reached and on the rate of increase. 
the higher the temperature and the faster it changes, 
the greater the impacts. A high rate of global warming 
reduces the chances that species can adapt, as they 
do not have enough time for adaptation.
the next section explores the gravity of climate change 
risks when warming reaches 1.5°C vs. 2°C. 
Widespread impacts attributed to climate change based on the available scientific literature.
Adapted from the Special Report on Global Warming of 1.5°C (IPCC). 










Glaciers, snow, ice and/or permafrost 
Rivers, lakes, floods and/or drought
Terrestrial ecosystems 
Marine ecosystemsCoastal erosion and/or sea level effects
Wildfire Livelihoods, health and/or economics 
Food production 
Physical systems Biological systems Human and managed systems
Observed impacts attributed to climate change for
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to Sum up
Human activities have caused a 1.0°C rise in the 
global temperature over the past 150 years. 
Global warming is likely to reach 1.5°C between 2030 
and 2052, if warming continues at the current rate.
our Co2 emissions will remain in the atmosphere for 
centuries to millennia, maintaining the warmer tem-
peratures long after these emissions were released.
Climate change manifests itself on different time-
scales affecting both short-term extreme weather 
events, as well as causing gradual, long-term chan-
ges, including sea level rise, melting of glaciers and 
ice sheets, and changes in biodiversity. 
the impact of climate change on a community de-
pends not only on the rate and size of the physical 
changes in climate, but also on how exposed their 
location is and how vulnerable to the change they 
are. adaptation is made more difficult because we 
can’t predict exactly how the climate will change in 
a given place in the future. 
School activity
taSk The global temperature has already increased by approximately 1.0°C. In addition, global warming is likely to reach 1.5°C between 
2030 and 2052 if it continues to increase at the current rate. 
Find out the current warming rate.
Hints to solve this task :
1. Use specific values : for today take 2017 – For “ between 2030 and 2052 ” take 2036.
2. Divide the task into different steps : Until 2017, the increase of the global mean temperature was 1.0°C.
•	 There is only 0.5°C missing to reach a global warming of 1.5°C
•	 An increase of 0.5°C between 2017 and 2036 corresponds to a warming rate of : 0.5°C / (2036 – 2017) = 0.026°C per year (or 
0.26°C per decade)
Solution : the current rate of warming is approximately 0.026°C per year.
taSk Look at the map of European Union countries showing their potential vulnerability to climate change :
https://www.espon.eu/sites/default/files/attachments/Vulnerability_ESPONclimate.pdf
(Linking page : https://www.espon.eu/climate-2012)
Which regions are particularly vulnerable to climate change ? 
Support your answer with clear justifications/arguments.
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the extent of global warming depends both on past 
emissions of greenhouse gases and on those we will 
emit in the coming years. In general, the more warming, 
the greater the risks and impacts will be. 
Global warming of 2°C would have significantly lar-
ger impacts than a global warming of 1.5°C (1°C 
more than today as opposed to 0.5°C). Specific ex-
amples from the Special Report on 1.5°C are given be-
low by the type of impact.
imPaCts at 1.5°C vs. higheR WaRming levels
extReme eVentS
extremely hot temperatures at the local scale increase 
faster than the average warming of the whole planet. 
for instance, for a 0.5°C rise in global temperature, the 
corresponding increase in the highest temperatures 
reached during heatwaves can be up to two to three 
times more (for example, increasing by 1.5°C from 30°C 
to 31.5°C). three times more people (420 million people) 
would be exposed to severe heat waves at least once 
every 5 years and the most impacted regions would be 
the mediterranean and Sub-Saharan africa.
 
this would have implications for human health, partic-
ularly in cities, which tend to be artificially warmer than 
their surroundings due to a “ heat island ” effect created 
by the buildings and roads. there is also a higher risk 
of drought at +1.5°C than at +2°C in the mediterranean 
and Southern africa, while globally 200-300 million 
more people would be exposed to water shortages at 
+2°C than at +1.5°C. Heavy rainfall events are expec-
ted to occur more often at high latitudes in the northern 
hemisphere at +2°C compared to +1.5°C.
Sea leVel RISe
Sea level rise by 2100 will be 10 cm higher if global 
warming reaches 2.0°C instead of 1.5°C. Up to 10.4 mil-
lion more people would be exposed to the impacts 
of sea level rise. exceeding 1.5°C increases the risk 
of triggering instabilities in polar ice sheets that would 
result in sea level rise of several meters over centuries 
to millennia. as explained in Section b, even if we stop 
emitting greenhouse gases immediately, sea levels will 
keep rising over these time-scales due to ocean inertia. 
Sea ICe
the arctic would be effectively free of sea ice in summer 
a few times each decade with a 2°C warming, but only a 
few times a century or less with 1.5°C warming. 
School activity
taSk Why is the decline of Arctic sea ice extent threa-
tening the livelihood of polar bears ?
SPeCIeS, eCoSyStemS anD fooD PRoDUCtIon 
on land, the area at risk of major ecosystem change 
is expected to be around 50% lower at +1.5°C than at 
+2°C. In addition, risks of loss of local species and ex-
tinctions are also much lower at +1.5°C. 
for coral reefs, while the prognosis is dire at +1.5°C, 
it is worse still at +2°C. Around 70 to 90% of coral 
reefs are expected to be lost at +1.5°C compared to 
99% at +2°C warming.  today, 30% of the corals are 
already damaged by the ocean temperature rise and its 
acidification.
the global fisheries catch could drop by twice as much 
b. Climate change impacts at +1.5°C 
and +2°C
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at +2°C than at +1.5°C, and there would be smaller re-
ductions in yields of key food crops such as maize, rice 
and wheat at +1.5°C than at +2°C.
oCean aCIDIfICatIon
Since the level of Co2 in the atmosphere would be lower 
at +1.5°C than at +2°C, less Co2 would be absorbed by 
the ocean, and therefore the increase in ocean acidity 
would be less at +1.5°C. 
School activity
experiment Plan an experiment to show that CO2 
emissions increase ocean acidity.
See, for example, the teaching unit “ CO2 emissions and 
acidification of the oceans ”, in La main à la pâte’s 
teaching module “ The ocean, my planet and me! ”.
QueStion  What are the causes and consequences of 
coral bleaching ?
aDaPtatiOn at +1.5°C vs. +2°C
In combination, the greater physical changes at warm-
ing of 2°C as opposed to 1.5°C lead to greater risks to 
livelihoods, food and water security, human health 
and security, and economic growth.
as the impacts would be greater at +2°C than +1.5°C, 
greater adaptation efforts would be required to deal 
with them. 
However, even at +1.5°C, the speed of the physical 
changes could exceed human capacity to adapt. for 
instance, in the case of sea level rise, the populations of 
some low-lying islands will have to migrate.
Intensity of heat waves  
At +1.5°C: maximum temperature higher by 3°C
At + 2°C: maximum temperature higher by 4°C
Biodiversity loss
Loss of half of the natural habitat for:
– 4% of vertebrates at +1.5°C
   vs. 8% at + 2°C
– 6% of insects at +1.5°C
   vs. 18% at + 2°C
– 8% of plants at +1.5°C
   vs. 16%  at + 2°C
Cereal crops
Greater decline in yield





Loss of coral reefs:
– up to 70 - 90% at +1.5°C
– up to 99% at + 2°C
Fisheries
Annual sh catch reduced by:
– 1.5 million tonnes at +1.5°C
– more than 3 million tonnes at + 2°C
Arctic sea ice
Free of ice:
– one incidence per century at +1.5°C
– several incidences per decade at + 2°C
Heavy rains 
Higher risk at + 2°C than at +1.5°C
in high latitudes of the Northern hemisphere,
East Asia and North America
Sea level rise 
At +1.5°C: 
26 cm to 77 cm higher than today by the year 2100
At + 2°C: 
10 cm higher than at +1.5°C
an additional10 million people will be exposed
Adapted from an infographic by Le Monde
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Regional key risks and potential for risk reduction with current adaptation
Adapted from the Special Report on Global Warming of 1.5°C (IPCC).
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taSk Name some impacts of global warming on 
coastal ecosystems.
Keywords : flooding, erosion, etc.
taSk Name services ecosystems provide to humans.
Keywords : pollination of crops, provision of clean water, 
provision of food, carbon sinks, leisure and tourism, etc.
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to Sum up
Global warming of 1.5°C is not “ safe ” – the physical 
risks and impacts will be significant. However, the ris-
ks will be substantially lower than at warming of 2°C. 
adaptation will still be needed at +1.5°C, although 
efforts required will be less than at +2°C. there will 
be limits to what can be achieved through adaptation 
at both +1.5°C and +2°C.
the physical changes and impacts will vary by lo-
cation.
Compared to +2°C, at +1.5°C global warming :
 — Heat waves would be less frequent and with lo-
wer peak temperatures.
 — Sea levels would be 10 centimeters lower. as 
a consequence, low-lying coasts and islands 
would have greater opportunities to adapt.
 — the arctic would often become sea ice free in 
summer at +2°C, but would mostly have sea ice 
year-round at +1.5°C.
 — the impacts on biodiversity (including biodiversi-
ty loss) for land, freshwater and coastal ecosys-
tems would be lower. We would retain more of 
nature’s services for humans (pollination, clean 
water etc.).
 — the ocean would be less acidic, lowering the 
consequent risks for marine biodiversity and 
ecosystems – including for the services they pro-
vide to humans, such as fisheries.
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the more Co2 and other greenhouse gases we release 
into the atmosphere, the more the global temperature 
will rise. Unfortunately, the slow removal of Co2 from 
the atmosphere means that the global temperature will 
remain warmer for hundreds to thousand of years even 
after we completely stop releas-
ing Co2. as such, the goal of in-
ternational climate agreements 
to date is not to bring global 
temperature back to the level it 
was at before humans started warming the planet, but 
merely to limit the amount of warming induced by stabil-
ising global temperature at a certain (albeit raised) level. 
In order to stabilise global temperature, we need to ef-
fectively stop releasing Co2 into the atmosphere. there 
are two ways we can achieve this. We can actually re-
duce our emissions to zero ; or we can effectively do so 
by substantially reducing them and then offsetting re-
maining emissions by using technology and/or biological 
means to remove Co2 from the atmosphere – with the 
overall effect being as though we were not emitting Co2 
at all. 
CaRbOn DiOxiDe RemOval
biological means for removing Co2 from the atmo-
sphere include planting trees and restoring ecosys-
tems. technological means include direct capture from 
the air using chemicals, converting the Co2 to a liquid 
and storing it underground, although this technique is 
still in development. another method involves growing 
plants and trees to burn as fuel for power plants and 
capturing and storing the Co2 that is produced under-
ground. Since this Co2 originally came from the atmo-
sphere (extracted by the plants and trees as they grew), 
the net result is a removal of Co2 from the atmosphere. 
Given that this method, known as beCCS, would need 
to be implemented on a large scale, a key concern is 
that it would create competition with using land to grow 
crops for food instead of for fuel. another issue is that 
we don’t know how well the method works at a large 
scale. Greater emission reduc-
tions would be required to avoid 
carbon dioxide removal methods.
the goal of the Paris agreement 
is to limit warming to well below 2°C (1°C warmer than 
today) and to attempt to restrict warming to 1.5°C (0.5°C 
warmer than today). We are not on track to limit warm-
ing to 1.5°C; in fact, current emission reduction pledges 
made by nations in the Paris agreement would lead to 
warming of 3-4°C by the end of this century. 
fortunately, the Paris agreement has a mechanism that 
allows countries to raise their level of ambition for emis-
sion reductions over time.
OveRshOOt
there are two types of paths that global temperature 
can follow over the coming decades to limit warming to 
a certain amount (e.g. to +1.5°C) : those in which global 
temperature reaches that amount and then stabilises, 
and those in which global temperature temporarily 
exceeds, or overshoots, that warming level before 
subsequently returning to and stabilising there. for 
overshoot paths, removal of Co2 from the atmosphere 
would be required to bring the global temperature back 
down after overshooting the target level. 
the impacts of overshooting and then stabilising at 
1.5°C would be different to those of reaching 1.5°C 
without overshoot, due to the different rates of change 
and the different maximum warming level reached. The 
longer and larger the overshoot, the greater the risks.
C. How can warming be limited to 
1.5°C ?
To stabilise global temperature, 
we need to effectively stop 
emitting CO
2
 to the atmosphere. 
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emissiOns Paths tO 1.5°C
Given that we would need to effectively reduce Co2 
emissions to zero in order to limit warming to a given 
level, the question is how rapidly we would need to do 
this. to limit warming to 1.5°C, Co2 emissions would 
have to decrease by 45% by 2030 from their 2010 levels, 
and effectively reach zero in 2050. In comparison, limit-
ing global warming to 2°C would require Co2 emissions 
to decline by 20% by 2030 before effectively ceasing by 
around 2075. In both cases, a substantial global effort 
to reduce emissions is needed in the next few decades 
and without delay. If we delay action now, more rapid 
emissions reduction will be needed in the future to limit 
warming to the same level, and these emissions reduc-
tions will be more costly.
What WOUlD We neeD tO DO ?
Firstly, we need to reduce global energy, materi-
als and food demand. this could be supported by 
changes in behaviour and lifestyles, including food con-
sumption such as reducing meat and dairy consump-
tion, and food waste, and transport choices (such as fly-
ing less). In addition, better insulation of buildings would 
help reduce heating needs as buildings are responsible 
for around a third of global energy consumption. 
Second, we would need to use energy and materials 
more efficiently by, for instance, switching to energy 
efficient appliances or more efficient processes in in-
dustry. In the construction sector, use of low-emission 
building materials, such as wood, could help reduce 
emissions.
Third, we need to improve agricultural practices so 
as to reduce emissions and water use, including im-
proving soil management and altering cattle diets. We 
also need to reduce deforestation which together with 
other changes in land use, account for 12% of Co2 
emissions.
Finally, we need to transform the global energy mix. 
Renewable energy production needs to be scaled up, 
with renewables (including biomass, wind, hydropower 
and solar) to supply half to two-thirds of primary energy 
in 2050 to achieve the 1.5°C target. We also need to 
transition transportation away from fossil fuels to run-
ning on low-emission electricity. besides reducing cli-
mate impacts, switching to electric vehicles would bring 
other benefits, including improving air quality in cities. 
It’s estimated that the additional emission reduction ac-
tions to limit warming to 1.5°C compared to 2°C would 
reduce premature deaths from air pollution by 100-200 
million over the course of this century.
together, these efforts amount to major transitions of 
unprecedented scale in all aspects of society. What 
happens in the next ten years will be critical. Given the 
inertia of the global economic system, it will be very dif-
ficult to achieve the emission reductions at the scale 
and rates required, without using methods to remove 
Co2 from the atmosphere. major investments will be 
needed to carry out these transitions, including in de-
veloping countries. these could be complemented by 
government legislation on energy standards and a tax 
on carbon.
to Sum up
to stabilise global warming at 1.5°C, we need 
to reduce our Co2 emissions effectively to zero 
in the next 30 years. this would involve large 
and rapid emission reductions worldwide and 
throughout society, including changes in beha-
viour and lifestyles. In addition, it may be ne-
cessary to implement Co2 removal from the at-
mosphere. the more action we take to reduce 
emissions now, the less we will have to employ 
these risky measures.
transitions will be needed in how we produce 
and consume energy, materials and food, in our 
use of land (including agriculture), in our trans-
portation system and in industry. these system 
transitions will be unprecedented in scale and 
will require large investments.
We are not on track to limit warming to 1.5°C, 
and are currently heading for 3-4°C warming by 
2100. the good news is there is movement in 
the right direction in lots of these areas but we 
would need to do more and faster. 
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even without factoring in climate change, we face tre-
mendous global challenges over the coming decades. 
the number of people living in poverty today is es-
timated to be 1.5 billion. at the same time, the global 
population is growing rapidly, predicted to rise from 7.6 
billion today to 8.5-10 billion by 2050, and shifting from 
rural to urban areas, with urban-dwellers predicted to 
rise by 2 billion in the next three decades. 
the United nations has drawn up a list of 17 Sustain-
able development goals (SDGs 1) and corresponding 
targets to address major global challenges including 
poverty, hunger, health, education, inequality, food and 
1 https://www.un.org/sustainabledevelopment/sustainable-development-goals/
water security, energy access, economic development, 
peace and justice, climate change and biodiversity. 
In order to achieve these goals (including tackling cli-
mate change), we need to break the long-standing re-
lationships between population, economic growth and 
greenhouse gas emissions. Since the industrial revolu-
tion, population, economic growth and greenhouse gas 
emissions have gone hand in hand with higher green-
house gas emissions. We need to overcome this, be-
cause the physical impacts of climate change act to 
exacerbate poverty. Climate change and sustainable 
development are thus intricately linked and need to be 
considered together. 
D. Addressing climate change in the 
context of sustainable development
The 17 Sustainable Development Goals set by the United Nations in 2015
United Nations – Sustainable Development Goals
School activity
taSk The greenhouse gas emissions reduction goals that the countries of the world have set themselves under the Paris Agreement, 
known as the Nationally Determined Contributions (NDCs), would lead to global greenhouse gas emissions in 2030 of 52-58 Gt CO2 eq/yr
 .
How much is 52–58 Gt CO2 eq/yr ? 
Check the World Bank page on greenhouse gas emissions : https://data.worldbank.org/indicator/EN.ATM.GHGT.KT.CE
 — What is the total amount of the World’s GHG emissions (in CO2 eq) ? (Answer : 53.5 Gt CO2 eq in 2012)
 — What is the total amount of your country’s GHG emissions (in CO2 eq) ? (France : 0.5 Gt CO2 eq in 2012)
 — What are the GHG emissions per capita for your country (in CO2 eq per capita) ? (France : 0.5 Gt CO2 eq divided by 65 million inhabi-
tants = 7.7 t CO2 eq per capita in 2012)
taSk Look up your country’s NDCs and estimate whether the goals will be reached or not..
QueStion  What is low GHG-intensive food consumption ?
taSk Explain why/how afforestation and bioenergy supply can compete with food production ? 
Examples for crops for bioenergy : maize, palm oil.
taSk Find reasons why the Sustainable Development Goals 1 (no poverty) and 10 (reduced inequalities) are so important for limiting 
global warming to 1.5°C.
21   |   offICe foR ClImate eDUCatIon   IPCC SPeCIal RePoRt “Global WaRmInG of 1.5°C” — SummaRy foR teaCheRS
In general, the countries that have contributed least to 
the problem in terms of their total carbon emissions, 
face some of the greatest risks.
Sustainable development supports, and of-
ten enables, the fundamental societal and 
systems evolutions that help limit global 
warming to 1.5°C. 
an important new conclusion of the 1.5°C report is that 
efforts to eradicate poverty and reduce inequalities 
go together with efforts to mitigate and adapt to cli-
mate change.
International cooperation can provide an enabling en-
vironment for this to be achieved in all countries and for 
all people in the context of sustainable development, es-
pecially in developing countries and vulnerable regions.
to Sum up
With clear benefits to people and natural eco-
systems, limiting global warming to 1.5°C com-
pared to 2°C could go hand in hand with ensu-
ring a more sustainable and equitable society.
Systems transition requires :
 — more investments in adaptation and mitigation,
 — Changes in behavior,
 — acceleration of technological innovation.
Sustainable development supports fundamental 
societal and systems transition and transforma-
tion. International cooperation is essential.
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ADAPTATION 
the process of adjustment to actual or expected cli-
mate change and its effects. In human systems, adapt-
ation seeks to moderate harm or exploit beneficial op-
portunities. In natural systems, human intervention may 
facilitate adjustment to expected climate change and its 
effects.
ANTHROPOGENIC EmISSIONS 
Greenhouse gas emissions caused by human activities.
BIODIvERSITy 
biodiversity is the level of diversity of living organisms in 
an area; for instance, the diversity of species within an 
ecosystem, or the diversity within one species. 
CARBON DIOxIDE REmOvAl (CDR) 
anthropogenic activities that remove Co2 from the at-
mosphere and durably store it in terrestrial or ocean 
reservoirs, or in products. It includes existing and po-
tential anthropogenic enhancement of biological or 
geochemical sinks and direct air capture and storage, 
but excludes natural Co2 uptake not directly caused by 
human activities.
EmISSION PATHWAyS 
In the Summary for Policymakers, the modelled tra-
jectories of global anthropogenic emissions over the 
21st century are termed “emission pathways”. emis-
sion pathways are classified by their temperature tra-
jectory over the 21st century : pathways giving at 
least 50% probability based on current knowledge of 
limiting global warming to below 1.5°C are classified 
as “ no overshoot ” ; those limiting warming to below 
1.6°C and returning to 1.5°C by 2100 are classified 
as “ 1.5°C limited-overshoot ” ; while those exceeding 
1.6°C but still returning to 1.5°C by 2100 are classified 
as “ higher-overshoot ”.
GREENHOUSE GASES AND INFRARED RADIATION 
the Sun’s rays travel through the atmosphere and warm
the earth’s surface, generating the upward emission of
infrared radiation. Some of this infrared radiation is 
trapped on its escape to space by greenhouse gases in 
the atmosphere (mainly water vapour, carbon dio-
xide, methane, nitrous oxide and ozone) and sent back 
towards the earth’s surface – heating it up even more. 
this is called the greenhouse effect.
GlOBAl mEAN SURFACE TEmPERATURE (GmST) 
Global average of near-surface air temperatures over 
land and sea-ice, and sea surface temperatures over 
ice-free ocean regions, with changes normally ex-
pressed as departures from a value over a specified 
reference period. When estimating changes in GmSt, 
near-surface air temperature over both land and oceans 
are also used.
GlOBAl WARmING 
the increase in GmSt averaged over a 30-year period, 
or the 30-year period centered on a particular year or 
decade, expressed relative to pre-industrial levels un-
less otherwise specified. for 30-year periods that span 
past and future years, the current multidecadal warming 
trend is assumed to continue.
mITIGATION 
a human intervention to reduce the sources or enhance 
the sinks of greenhouse gases.
NET zERO EmISSIONS 
net-zero carbon dioxide (Co2) emissions are achieved 
when anthropogenic Co2 emissions are balanced glo-
bally by Co2 removals over a specified period. 
PRE-INDUSTRIAl 
the multi-century period prior to the onset of large-scale 
industrial activity around 1750. the reference period 
1850–1900 is used to approximate pre-industrial GmSt.
SUSTAINABlE DEvElOPmENT GOAlS 
the Sustainable Development Goals are the blueprint 
to achieve a better and more sustainable future for all. 
they address the global challenges we face, including 
those related to poverty, inequality, climate, environ-
mental degradation, prosperity and peace and justice. 
examples : no poverty, zero hunger, quality education, 
etc.
TEmPERATURE OvERSHOOT 
the temporary exceedance of a specified level of global 
warming. 
Glossary
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Resources











Video of the IPCC Working Group I : “ Climate Change 2013 : the Physical Science basis ”  
http://www.climatechange2013.org/  
“ Parties should take measures [...] 
to enhance climate education ”, 
states art.12 of the Paris agreement. 
“ Educating the present and future 
generations about climate change, 
and teaching them to act with a 
critical mind and a hopeful heart, is 
essential for the future of human-
ity. Science education must meet 
the challenge [...] ”, recommend 
the 113 science academies of the 
world in their recent Statement on 
Climate Change and education. 
Replying to these urgent calls, cli-
mate scientists and educators es-
tablished an office for Climate 
education. teachers are key for 
implementing these recommenda-
tions, especially in primary and sec-
ondary schools. the office therefore 
produce educational resources for 
them, based on an active pedagogy 
and pilot projects in inquiry-based 
science education. as the IPCC 
produces “ assessment reports ” 
and “ summaries for policymakers ”, 
the office produces resources and 
tools for teachers, focusing on the 
issues of adaptation and mitigation. 
the oCe will pay special attention 
to developing countries. 
Working closely with climate sci-
entists and involving social scient-
ists and educators, the office for 
Climate education has an execut-
ive secretariat in Paris and a global 
network of local or regional partners 
in over 60 countries. the teaching 
resources are created for a global 
framework, then locally tested and 
adapted to particular situations. the 
numerous initiatives already taken in 
the same direction are documented 
and publicised by the office. the 
office for Climate education was 
launched in 2018 under the aegis 
of the foundation La main à la pâte 
and with the support of public and 
private funds provided by french 
and German partners. It will amplify 
its action in accordance with its re-
sources and develop partnerships, 
especially with IPCC authors and 
IaP for Science – the global federa-
tion of Science academies. 
www.oce.global
contact@oce.global
office for Climate education
Sorbonne Université
Case 100
Campus Pierre et marie Curie
4, place Jussieu
75005 Paris – france
